Characterization of the Dna From Bovine Erythrocytes Infected With Anaplasma Marginale. by Senitzer, David
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1969
Characterization of the Dna From Bovine
Erythrocytes Infected With Anaplasma Marginale.
David Senitzer
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Senitzer, David, "Characterization of the Dna From Bovine Erythrocytes Infected With Anaplasma Marginale." (1969). LSU Historical
Dissertations and Theses. 1619.
https://digitalcommons.lsu.edu/gradschool_disstheses/1619
This dissertation has been
70-266microiilmed exactly as received
SENITZER, David, 1944- 
CHARACTERIZATION OF THE DNA FROM BOVINE 
ERYTHROCYTES INFECTED WITH ANA PLASMA 
MARGINALE.
The Louisiana State U n iv e r s ity  and Agricultural and
M echanical College, PhJD., 1969
M icrobiology
University Microfilms, Inc., Ann Arbor, Michigan
CHARACTERIZATION OF THE DNA FROM BOVINE ERYTHROCYTES 
INFECTED WITH ANAPLASMA MARGINALE
A D is s e r t a t io n
Subm itted  to  th e  Graduate F a c u lty  o f  th e  
L o u is ia n a  S ta te  U n iv e r s ity  and 
A g r ic u ltu r a l  and M echan ica l C o lle g e  
in  p a r t ia l  f u l f i l lm e n t  o f  the  
req u irem en ts fo r  th e d eg ree  o f  
D o cto r  o f  P h ilo so p h y
in
The D epartm ent o f  M ic r o b io lo g y
by
D avid  S e n itz e r




The au th or  w ish e s  to  e x p r e s s  s in c e r e  a p p r e c ia t io n  to  D r. George 
T. D im op ou llos fo r  h iB  gu id an ce  and a s s i s t a n c e  d u rin g  th e  in v e s t ig a t io n  
and in  p r e p a r a tio n  o f  t h i s  d i s s e r t a t io n .
G r a titu d e  i s  ex p ressed  to  D r. Manley M andel, M.D. Anderson  
M ed ica l C en ter , H ouston , Texas fo r  h i s  c o o p e r a t io n  and a s s i s t a n c e  
d uring  th e  in v e s t ig a t i o n .
Acknowledgment i s  made to  th e  D epartm ent o f  V e te r in a r y  S c ie n c e  
and th e  A g r ic u ltu r a l  Experim ent S ta t io n  o f  L o u is ia n a  S ta te  U n iv e r s i ty .
T h is  in v e s t ig a t io n  was made p o s s ib le  by funds s u p p lie d  by a 
t r a in in g  g ra n t from th e  N a tio n a l I n s t i t u t e s  o f  H e a lth , U. S . P u b lic  




I .  ACKNOWLEDGMENT...................................................................................................... i i i
I I .  TABLE OF CONTENTS............................................................................................ i v
I I I .  LIST OF TABLES...................................................................................................  v i
IV . LIST OF FIGURES..............................................................................................  v i i
V. ABSTRA C T...............................................................................................  . . . v i i i
V I. INTRODUCTION...........................................................................................................  1
V II . SELECTED LITERATURE .......................................................................................  2
A. A n a p la sm o s ls ..............................................................................................  2
B. N u c le ic  A c i d s ..........................................................    4
1 . I s o l a t i o n .........................................................................................  4
2 . C hem ical A n a ly s is  .....................................................................  7
a .  H y d r o ly s i s ................................................................................  7
b .  S e p a r a t io n  and A n a ly s is  .............................................  8
3 . Thermal D e n a tu r a t io n ................................................................  9
4 .  C hem ical R e a c t io n s .....................................................................  11
a .  F o r m a l d e h y d e .........................  11
b . M agnesium I o n ......................................................................  11
c .  E th id iu m  C h l o r i d e ............................................................  12
5 .  E le c tr o n  M ic r o s c o p y ................................................................  13
V I I I .  MATERIALS AND METHODS.................................................................................  15
A. E x p er im en ta l C a lv es  .............................................................................  15
B. H e m a t o l o g y ..............................................................................................  15
C. I s o l a t i o n  o f  DNA......................................................................................  15
1 . Marmur ( 1 9 6 1 ) ................................................   17
2 .  P h e n o lic  E x t r a c t i o n .......................................  19
iv
page
D. Chem ical A n a ly s is ......................................................................................... 21
1 . H y d r o l y s i s .............................................................................................. 21
2 . D escen d in g  Chrom atography...........................................................  21
3 . Q u a n t i t a t i o n ......................................................................................... 21
E. Thermal D e n a tu r a tio n  . . . . .  .......................................................  22
F. Chem ical R e a c tio n s  .....................................................................................  23
1. F o r m a ld e h y d e ......................................................................................... 23
2 . Magnesium I o n .................................................................................... 23
3 . E thidium  C h lo r id e ............................................................................... 24
G. E le c tr o n  M icro sco p y .................................................................................... 24
H. S ed im en ta tio n  E q u ilib r iu m  C e n tr ifu g a t io n  .............................. 25
IX. RESULTS AND DISCUSSION.....................................................................................  27
A. I n t r o d u c t i o n ................................................................................................... 27
B. I s o l a t i o n ........................................................................................................ 27
C. C hem ical A n a ly s is ......................................................................................... 28
D. Thermal D e n a t u r a t io n ...............................................   30
E. Chem ical R e a c t i o n s .....................................................................................  32
1. F o r m a ld e h y d e ......................................................................................... 32
2 . Magnesium I o n ..................................   34
3 . E th id ium  C h lo r id e ............................................................................... 34
F. S ed im en ta tio n  E q u ilib r iu m  C e n tr ifu g a t io n  .............................. 34
G. E le c tr o n  M icro sco p y .................................................................................... 39
X. SUMMARY AND CONCLUSION.....................................................................................  42
X I. LITERATURE C IT E D ....................................................................................................  44




I .  p e r c e n t  B ase C om position  o f  DNA E x tra c te d  by Marmur’ s




1. Sequence fo r  th e  I s o la t io n  o f  p a r t i a l l y  p u r i f ie d
Anaplasma b o d ie s .........................................................................  16
2 . I s o l a t io n  o f  DNA from Anaplasma m arg in a l b o d ie s  by
th e  method o f  Marinur (1 9 6 1 ) w ith  s l i g h t  m o d if ic a t io n s  . 18
3 . Scheme fo r  p h e n o lic  e x t r a c t io n  o f  DNA from A. m a rg in a le
(Thomas _et <a l . , 1 9 6 6 ) ...............................................................................  20
4 . D iagram m atic r e p r e s e n ta t io n  o f  a chromatogram o f  a
h y d r o ly s a te  o f  A. m a r g in s le  I n fe c t e d  e r y th r o c y te  DNA 
(d ev e lo p ed  in  H C l-2 -p rop an ol-H 20 , 1 6 .7 /6 5 /1 8 .3 - v /v /v )  . 29
5 . M e ltin g  cu rve  o f  DNA from A. m arg in a le  in f e c t e d  e r y th r o ­
c y t e s  .............................................................................................  . . . . .  31
6 . D en atu r in g  e f f e c t  o f  form aldehyde w ith  t i m e ........................... 33
7 . R ea ctio n  o f  n a t iv e  DNA in  th e  p resen ce  and ab sen ce o f
M g * * ' ......................................................................................................................  35
8 . R ea ctio n  o f  HFC DNA in  th e  p r e se n c e  and a b sen ce  o f
Mg*1"1" ......................................................................................................................  36
9 . E f f e c t  o f  e th id iu m  c h lo r id e  on n a t iv e  and HFC DNA . . .  37
10. D en sito m eter  t r a c in g s  o f  u l t r a v i o l e t  p h otograp hs o f
CsCl buoyant d e n s ity  g r a d ie n ts  o f  n a t iv e  and HFC DNA 38
11. P h o to m u lt ip lie r  scan n er t r a c in g  a t  254 nm o f  DNA from
ly s a t e s  o f  e r y th r o c y te s  ..........................................................................  40
12. E le c tr o n  m icrograph o f  DNA i s o la t e d  from A. m a rg in a le
in f e c t e d  e r y th r o c y te s  ...............................................................................  41
vii
ABSTRACT
R ecent s t u d ie s  on th e  DNA o f  Anaplasma m a rg in a le  have shown i t  to  
be s in g le - s t r a n d e d .  The m ole p e r c e n t  a d e n in e , thym ine, g u a n in e , and 
c y to s in e  w ere d eterm ined  as 3 3 .8 ,  1 7 .8 ,  3 4 .3 ,  and 1 5 .5 ,  r e s p e c t i v e ly .  
However, by em ploying more c r i t i c a l  means o f  a n a ly s is  and c h a r a c te r ­
iz a t io n  i t s  d o u b le -s tr a n d e d  n a tu r e  was e s t a b l i s h e d .  The DNA i s  dena- 
tu r a b le  by form ald eh yd e. The amount o f  e th id iu m  bound by th e  DNA 
d e c r e a se s  a f t e r  d en a tu r in g  by h e a t .  H eated and f a s t - c o o le d  DNA d i s ­
p la y ed  a s l i g h t  s h i f t  in  i t s  absorbance maximum in  th e  p r e se n c e  o f  0 .0 4
,1 I
M Mg . N a t iv e ,  u n tr e a te d  DNA d id  n o t  e x h ib i t  t h i s  phenomenon. A com­
b in a t io n  o f  p ro n a se  to  d ig e s t  RBC membranes and d e s tr o y  n u c le a s e s  and 
phenol to  e x t r a c t  DNA was em ployed . E q u ilib r iu m  d e n s ity  c e n t r i f u g a t io n  
in  CsCl r e v e a le d  th a t  two DNA s p e c ie s  were p r e s e n t  w hether one used  
p a r t i a l l y - p u r i f i e d  organism s o r  washed in f e c t e d  RBCs. One s p e c ie s  p o s­
s e s s e d  a b u oyan t d e n s ity  o f  1 .7 0 0  g*cm-  ^ and a Tm o f  8 4 .9 °C , corresp on d ­
in g  to  norm al b o v in e  DNA. The secon d  had buoyant d e n s ity  o f  1 .7 1 0  g-cm"^ 
and a TM o f  92°C and was shown to  be p r e se n t  o n ly  in  A. m a r g in a le  in f e c t e d  
RBCs. I t s  c o n c e n tr a t io n  in c r e a se d  c o n co m ita n tly  w ith  th e p e r c e n ta g e  o f  
in f e c t e d  c e l l s .  E le c tr o n  m icrograp hs o f  DNA h ave r e v e a le d  th e  p resen ce  
o f  c ir c u la r  m o le c u le s .  Such m o le c u le s  are  th ou gh t to  o r ig in a t e  from A. 
m arg in a le  s in c e  b o v in e  DNA h a s  n o t been  shown to  be c ir c u la r .  RNA unique  
to  A, m a r g in a le  h as y e t  to  be i s o l a t e d .
viii
INTRODUCTION
A n a p la sm o sis  o f  c a t t l e  i s  c h a r a c te r iz e d  by a c u te  anem ia , e n la r g e ­
ment o f  th e  s p le e n ,  i c t e r u s ,  e l e v a t e d  body tem p era tu re , and p r o s t r a t io n .  
The p r e s e n c e  o f  m a rg in a l in c lu s io n  b o d ie s  in  e r y th r o c y te s  I s  i n d i c a t i v e  o f  
t h i s  d i s e a s e .  The c a u s a t iv e  a g en t i s  term ed Anaplasm a m a r g in a le . O g lesb y  
(1 9 6 2 )  e s t im a te d  th a t  a l o s s  o f  $35 m i l l i o n  a n n u a lly  to  th e  c a t t l e  in d u s ­
t r y  in  th e  U n ited  S t a t e s  i s  a t t r ib u t a b le  to  a n a p la sm o s is .
A greem ent on taxonomy o f  A. m a r g in a le  h as n o t b een  rea ch ed  (R oby,
1 9 6 0 ) .  T h is  organ ism  h a s  b een  c l a s s i f i e d  as p r o to z o a n  p a r a s i t e  ( T h e i l e r ,  
1910; L o tz e , 1946; Espana ej: a l . ,  1959; Cane £ t  a l .  , 1 9 6 3 ) , a v ir u s  
( F o o te ,  1954; F o o te  a t  _al. ,  1 9 5 6 ) , and a r i c k e t t s i a l  organ ism  ( P h i l i p ,  
1956; D e sc a se a u x , 1924; R i s t i c ,  1 9 6 5 ).
R esearch  on th e  im m unochem istry, p a th o lo g y , and b io c h e m is tr y  o f  
a n a p la sm o sis  h a s  i n t e n s i f i e d  in  r e c e n t  y e a r s .  The ch em ic a l n a tu r e  o f  
th e  o rg a n ism , h ow ever , s t i l l  rem ains a f e r t i l e  a r e a  fo r  i n v e s t i g a t i o n .
The m a r g in a l body h a s  been  shown to  c o n ta in  d e o x y r ib o n u c le ic  a c id  (DNA) 
and r ib o n u c le ic  a c id  (RNA) (P en h a , 1930; M oulton  and C h r is te n s e n , 1955; 
G a in e r , 1961; Gough, 1 9 6 3 ) . E lle n d e r  and D im o p o u llo s  (1967 ) r e p o r te d  
i s o l a t i n g  o n ly  DNA from p u r i f i e d  m a rg in a l b o d ie s .  The u n u su a l r e s u l t  
was t h a t  th e  DNA p o s s e s s e d  n on e o f  th e  c h a r a c t e r i s t i c s  o f  d o u b le -s tr a n d e d ,  
h e l i c a l  DNA.
The work I n i t i a t e d  h e r e  was to  fu r th e r  c h a r a c t e r iz e  th e  DNA e x ­
t r a c t e d  from A. m a rg in a le  o b ta in e d  from in f e c t e d  e r y t h r o c y te s .
1
SELECTED LITERATURE
A. A nap lasm osis
Sm ith and K ilb o rn e  (1893) w ere among th e  f i r s t  to  o b serv e  mar­
g in a l  b o d ie s  in  th e  e r y th r o c y te s  o f  c a t t l e  s u f f e r in g  from th e  d is e a s e  
now known as a n a p la sm o sis . They con clud ed  th a t  th e se  b o d ie s  were but 
one p a r t  o f  th e  l i f e  c y c le  o f  P irop lasm a bigem inum , th e c a u s a t iv e  a g en t  
o f  Texas c a t t l e  f e v e r .
By 1910 enough e v id e n c e  had accum ulated  fo r  T h e ile r  (1910) to  
name th e  d is e a s e  a n a p la sm o sis  and th e  organ ism  r e s p o n s ib le ,  Anaplasma 
m a r g in a le . The name i s  d e s c r ip t iv e  in  th a t  th e  m arg in a l body la c k s  
cy top lasm  and i s  found a t  th e m argin o f  th e  e r y th r o c y te .  The f i r s t  
c a se  o f  a n a p la sm o sis  in  th e U n ited  S ta te s  was record ed  by Meyer (1 9 1 3 ) ,  
but i t  was n o t  u n t i l  1926 th a t  i t  was r e c o g n iz e d  as a s e p a r a te  and d i s ­
t i n c t  d i s e a s e  (D a r lin g to n , 1 9 2 6 ).
The symptoms o f  a n a p la sm o sis  are  reduced  m ilk  p r o d u c t io n , la b ­
ored  r e s p ir a t io n ,  i c t e r u s ,  in c r e a se d  body tem p era tu re , d is o r ie n t e d  
b e h a v io r , w eak n ess, and anemia (C arr ica b u ru , 1956a, b ) . G e n e r a lly ,  
a d u lt  an im als c o n tr a c t  a more s e v e r e  c a se  than  c a lv e s  (C h r is te n se n ,  
1 9 5 6 ).
The m orphology o f  th e  m arg in a l body h as been  s tu d ie d  u s in g  d i f ­
f e r e n t  m ethods o f  p r e p a r a tio n  and s t a in in g  (D ikm ans, 1933a, b; L otze  
and Y ie n g s t ,  1 9 4 2 ). I t  h as  been  Bhown to  be 0 .2  ju to  1 .0  jj in  diam­
e t e r .  T a i l - l i k e  p r o j e c t io n s  from th e  m arg in a l body w ere ob served
in  G iem sa -s ta in e d  p r e p a r a t io n s  (F ra n k lin  and Redmond, 1 9 5 8 ). Espana  
ej: a l .  (1959) o b serv ed  th a t  th e  d u m b b e ll- lik e  appearance o f  Anaplasma 
b o d ie s  may be due to  c o n n e c t io n s  betw een  th e  t a i l - l i k e  p r o j e c t io n s .
The e le c t r o n  m icro sco p e  h as r e v e a le d  th a t  th e  Anaplasma body 
c o n ta in e d  su b u n its  ra n g in g  in  number from 1-8  (d e R o b e r tis  and E p s te in ,  
1951; F oo te  e t  a l . , 1958; R i s t i c ,  1 9 6 0 ). Such, term s a s  s p o r o id s ,  e l e - • 
m entary b o d ie s ,  and i n i t i a l  b o d ie s  have been  a p p lie d  to  th e s e  s u b u n its .
Though s t i l l  ob scu re  th e  ch em ica l n a tu re  o f  Anaplasma h a s  been  
th e s u b je c t  o f  many in v e s t ig a t i o n s .  U sin g  v a r io u s  s t a in in g  p roced u res  
M oulton and C h r is te n se n  (1955 ) rep o r te d  p o s i t i v e  r e a c t io n s  fo r  in o r g a n ic  
fe r r o u s  ir o n , a v a r ie t y  o f  amino a c id s ,  p r o t e in ,  RNA, and DNA. C a ta la se  
h as b een  found in  Anaplasma (W allace  and D im o p o u llo s , 1965) a s  h as l a c t i c  
d eh yd rogen ase (Darre”, 1966) and a d en o s in e  tr ip h o s p h a ta s e  (G aron, 1966) .
Gough (1963) d em on strated  th a t  A naplasm a-in f e c t e d  e r y th r o c y te s  
p o s se s s e d  a h ig h  c o n c e n tr a t io n  o f  both  DNA and RNA. The maximum le v e l  
o f  DNA o ccu rred  d u rin g  th e  peak in  m arg in a l body c o u n ts ,  w hereas RNA 
reached  a maximum 3 or  4 d ays l a t e r .  R e c e n tly  (E lle n d e r ,  1966; E l le n -  
d er and D im o p o u llo s , 1967) DNA i s o la t e d  from p u r i f ie d  m arg in a l b o d ie s  
was rep o r te d  as h a v in g  none o f  th e  c h a r a c t e r i s t i c s  o f  a d o u b le -s tr a n d e d ,  
h e l i c a l  m o le c u le .
G lu ta r a ld e h y d e -f ix e d  in f e c t e d  e r y th r o c y te s  w ere shown to  c o n ta in  
g r a n u le s  s c a t t e r e d  o r  clum ped w ith in  th e  i n i t i a l  b od y . T he^ granu les were 
p a r t i a l l y  removed by both  DNase and ENase and th e r e fo r e  were th ou ght
to  be composed o f  RNA and DNA (Sim pson, 1 9 6 7 ) . An a f f i n i t y  fo r  u ra n y l 
a c e t a t e  was a ls o  d is p la y e d ,  add ing fu r th e r  e v id e n c e  f o r  th a t  c o n c lu s io n .
B. N u c le ic  A cids
1 . I s o l a t io n
The i s o l a t i o n  o f  DNA i s  an ex tre m e ly  c r i t i c a l  s t e p  i f  one w ish e s  
to  draw any c o n c lu s io n s  as to  i t s  n a t iv e  s t a t e .  E x tr a c t io n  i s  i n i t i a t e d  
by d is r u p t in g  th e  organ ism  or c e l l  em ploying such te c h n iq u e s  as o sm o tic  
l y s i s ,  enzym es, b a c te r io p h a g e , s u r fa c e  t e n s io n  d e p r e s s a n ts ,  f r e e z in g  
and th aw in g , s o n ic a t io n ,  or  h ig h -sp e e d  m in c in g .
L y s is  o f  th e  organ ism  or c e l l  l i b e r a t e s  n o t o n ly  DNA, b u t RNA, 
p r o t e in ,  p o ly s a c c h a r id e , l i p i d  and in o r g a n ic  m a te r ia ls -  The r e le a s e d  
DNA i s  s u s c e p t ib le  to  d eg ra d a tio n  by n u c le a s e s ,  th e  a c t i v i t y  o f  w hich  
m ust be in h ib i t e d  im m ed ia te ly . Sodium c i t r a t e  (Peterm an and Lamb, 1 9 4 9 ) ,  
sodium e th y le n e d ia m in e  t e t r a a c e t a t e  (EDTA) (S c h ild k r a u t  e t  a l . ,  1 9 6 2 ), 
sodium  d o d ecy l s u l f a t e  (Kay and D ounce, 1 9 5 3 ) , Cu ( Z i t t l e ,  1 9 4 5 ), and 
n itr o g e n  m ustard (W heeler and A lexan d er , 1957) have a l l  been  used  to  
in h ib i t  th e  a c t io n  o f  th e se  enzym es. P ron ase i s  a p r o t e o ly t i c  enzyme 
o f  broad s p e c i f i c i t y  w hich red u ces  many p r o te in s  to  amino a c id s  (Thomas 
e t  a l . , 1 9 6 6 ) . I t  h a s  been  shown th a t  p u r i f ie d  H em ophilus DNA or p u r i­
f ie d  T2 DNA s u r v iv e  d ig e s t io n  w ith  p ro n a se  w ith o u t fu r th e r  fragm enta­
t io n  (B ern s and Thomas, 1 9 6 5 ). T h is  was in te r p r e te d  to  mean th a t  
p ron ase d e s tr o y s  n u c le a s e  a c t i v i t y .
L ib e r a te d  n u c le i c  a c id  m ust be fr e e d  o f  p r o te in  and l i p i d .  P ro­
t e in  rem oval i s  accom p lish ed  by u s in g  ch loro form  or carbon t e t r a c h lo r id e
and iso a m y l a lc o h o l  or  o c ta n o l (DuBuy e t  a l . , 1965; Sevag  e t  a l . ,  1938; 
Sm ith and S to k e s , 1 9 5 1 ) , u rea  (W yatt and Cohen, 1 9 5 3 ) , sodium  la u r y l  
s u l f a t e  (SLS) (2% f i n a l  c o n c e n tr a t io n )  (Marmur, 1 9 6 1 ) , h o t  p henol (M a ssie  
and Zimin, 1 9 6 5 ) , o r  p h en o l and p ron ase  (Thomas et a l . , 1966) . L ip id  
from Anaplasma in f e c t e d  b o v in e  c e l l s  was removed u s in g  an a lc o h o l- e th e r  
m ix tu re  (Gough, 1 9 6 3 ) . W h itfe ld  (1953) u sed  a c e t o n e - a lc o h o l ,  c h lo r o ­
form , and a lc o h o l - e t h e r  to  remove th e  l i p i d  from n u c le i c  a c id  p rep ara­
t io n s  o f  Plasmodium b e r g h e i .
P o ly sa c c h a r id e s  have been  removed from n u c le ic  a c id  e x tr a c ts  by  
e l e c t r o p h o r e s is  (Zamenhof: e t  a l . ,  1 9 5 2 ). S e ib e r t  (1940 ) u sed  rep ea ted  
e le c t r o p h o r e s is  a t  pH 7 .3  to  s e p a r a te  p o ly s a c c h a r id e  and n u c le ic  a c id s  
from tu b e r c u la r  p r o t e in ,  Marmur (1961) r e p o r te d  th a t  2 -p ro p a n o l w i l l  
s e l e c t i v e l y  p r e c i p i t a t e  and s e p a r a te  DNA from p o ly s a c c h a r id e  in  a m ethod  
th a t  h a s  become a c l a s s i c .
The p u r i f ie d  DNA i s  o f t e n  p r e c ip i t a t e d  and sp o o le d  on a rod (Marmur,
1 9 6 1 ) , D o u b le -str a n d ed  DNA i s  known to  be a r e l a t i v e l y  r i g id  t h r e a d - l ik e  
m o le c u le . T h is r i g i d i t y  f a c i l i t a t e s  w in d in g  i t  around a g la s s  rod .
S in g le -s tr a n d e d  DNA u n d ergoes r e v e r s ib le  t r a n s i t i o n s  between e x ­
ten d ed  and com pact form s a s  a fu n c t io n  o f  pH and io n ic  s tr e n g th  ( S tu d ie r ,
1 9 6 5 ) . The com pact form i s  s t a b le  a t  h ig h  io n ic  s tr e n g th  i f  the DNA r e ­
m ains u n t i t r a t e d .  E xpansion  o f  DNA upon e i t h e r  a c id  o r  a lk a l in e  t i t r a ­
t io n  o f  th e  b a se s  can n ot be e x p la in e d  by ch arge e f f e c t s .  Changes in  
ab sorb an ce a t  260 run accompany th e  t r a n s i t io n  betw een  th e  extended and 
com pact form s. T hese r e s u l t s  s u g g e s t  th a t  b a s e -b a s e  in t e r a c t io n s  a re
th e  im portant f a c t o r  in  e s t a b l i s h in g  th e  compact form . I t ,  th e r e fo r e ,  
seem s p rob ab le  th a t  denatured  DNA in  h ig h  s a l t  c o n c e n tr a t io n  a t  n e u tr a l  
pH would be in  th e  compact form b eca u se  o f  in t r a - s t r a n d  b a se -b a se  in t e r ­
a c t io n .
S in g le -s tr a n d e d  DNA m o le c u le s  w ould  assume a g lo b u la r  con form ation  
under e x tr a c t io n  c o n d it io n s .  Based on th e s e  c o n s id e r a t io n s  th ere  i s  no 
t h e o r e t i c a l  r e a so n  fo r  such DNA m o le c u le s  to  wind on a ro d . The p roced u re  
d e s ig n e d  by Thomas jet a l .  (1 9 6 6 ) em ploys r ep ea te d  p h e n o lic  e x t r a c t io n s  
fo llo w e d  by d i a l y s i s  which e l im in a t e s  th e  need  fo r  p r e c ip i t a t in g  th e  DNA 
and o f  w in d in g  i t  on a ro d . T h is m ethod y i e ld s  h ig h  m o lec u la r  w e ig h t
t
p r e p a r a t io n s .
Removal o f  RNA i s  an in t e g r a l  p a r t  o f  i s o l a t i n g  DNA, and i s  m ost 
o f t e n  a cco m p lish ed  by th e  u s e  o f  RNase (Mamur, 1 9 6 1 ) . H o tch k iss  (1957)  
r ep o r te d  th a t  i t  was d i f f i c u l t  to  remove th e  n u c le a s e  and th a t  in  th e  
p r e se n c e  o f  DNA, i t s  a c t io n  was s lu g g is h .  The s e p a r a t io n  can b e  a c h ie v e d  
by e l e c t r o p h o r e s is  (C h a rg a ff and S a id e l ,  1949; C h a rg a ff and Zamenhof, 
1 9 4 8 ) , ca lc iu m  s a l t  p r e c i p i t a t io n  (C h a r g a ff  and Zamenhof, 1 9 4 8 ), and ad­
s o r p t io n  o f  RNA on a c t iv a t e d  c h a r c o a l (Zamenhof and C h a rg a ff, 1 9 5 1 ).
More modern m ethods in c lu d e  s e p a r a t io n  in  d e x tr a n -p o ly e th y le n e  g ly c o l  
sy stem s ( A lb e r t s ,  1967) and on m eth y la ted -a lb u m in  k ie s e lg u h r  columns 
(MAK) (Osawa and S I b a ta n i,  1 9 6 7 ) .
A f te r  i s o l a t i o n  and p u r i f i c a t i o n ,  th e  n u c le i c  a c id  d is p la y s  In ­
cr e a se d  s u s c e p t i b i l i t y  to  d e g r a d a tio n  by th e  environm ent (e ._ g ., a c id  or  
n u c le a s e s )  and m icr o o rg a n ism s. Lewis (1 9 6 4 ) r e p o r te d  th a t  r e f r ig e r a t io n
and ly o p h i l i z a t io n  w ould p r e s e r v e  n u c le i c  a c id  p r e p a r a t io n s ;  how ever, 
f r e e z in g  o f  DNA in  s o lu t io n  produced u n d e sir e d  d e g r a d a t io n . S to ra g e  fo r  
lo n g  p e r io d s  in  to lu e n e  o r  under N2 , h e  n o te d , produced  no d e tr im e n ta l  
e f f e c t s .
2 . C hem ical A n a ly s is
a . H y d r o ly s is
H y d r o ly s is  o f  n u c le i c  a c id s  can be a ccom p lish ed  by a c id ,  
a l k a l i ,  or enzym es (M a r ig o ld , 1 9 6 5 ) . The p u r in e -p e n to s e  bond i s  more 
l a b i l e  to  p e r c h lo r ic  o r  fo rm ic  a c id  than th e p y r im id in e -p e n to se  l in k a g e .  
N u c le o t id e s  and n u c le o s id e s  are  r e le a s e d  a lo n g  w ith  th e  n itr o g e n o u s  
b a s e s ,  th e r e l a t i v e  p r o p o r t io n  o f  each p rod u ct b e in g  dependent upon th e  
le n g th  o f  tim e o f  trea tm en t w ith  a c id .
D i lu t e  s o lu t io n s  o f  sodium  o r  p o ta ss iu m  h y d ro x id e  degrade DNA to  
a m ix tu re  o f  h ig h  m o le c u la r  w e ig h t p o ly n u c le o t id e s ,  RNA b e in g  reduced  
to  m o n o n u c leo tid es  (M a r ig o ld , 1 9 6 5 ) . Hydrogen p e r o x id e  l i b e r a t e s  a l l  
fo u r  b a se s  from  DNA by o x id iz in g  th e  C -l carbon o f  d e o x y r ib o se  to  p ro ­
duce d e o x y r ib o n ic  a c id  (E h aese  and F r e e se , 1968; R haese eit a l . ,  1 9 6 8 ).
E nzym atic d e g r a d a tio n  o f  DNA i s  a cco m p lish ed  by u s in g  DNase. 
P a n c r e a t ic  d e o x y r ib o n u c le a se  I d ig e s t s  p o ly d e o x y r ib o n u c le o t id e s  (Hoard 
and Goud, 1 9 6 8 ) , and h y d r o ly z e s  n a t iv e  DNA in  a t y p i c a l l y  e n d o n u c le o ly ­
t i c  m anner, p rod u cin g  fragm en ts  term in a ted  in  5 ' -m onophosphates (L ask o-  
w s k i,  1 9 6 6 ). E x o n u c lea se  I  (P h o s p h o d ie s te r a se )  from E s c h e r ic h ia  c o l i  
c a t a ly z e s  th e  h y d r o ly s is  o f  s in g le - s t r a n g e d  p o ly d e o x y r ib o n u c le o t id e s .
I t  p ro ceed s in  a s t e p w is e  manner b e g in n in g  a t  th e  3 ' -h y d ro x y l end o f  
th e  c h a in , p rod u cin g  d e o x y r ib o n u c le o s id e -5 ' -m onophosphates (Lehman, 1 9 6 6 ).
b. S ep a ra tio n  and A n a ly s is
Paper chrom atography i s  a method u sed  fo r  th e  r e s o lu t io n  o f  
com plex m ix tu r e s . One can id e n t i f y  a sep a ra ted  compound by com paring  
i t s  lo c a t io n  w ith  th a t  o f  a known sam ple. E lu ted  ex p er im en ta l and "authen­
t ic "  s p o ts  are  q u a n t ita te d  a g a in s t  c o n tr o ls  o b ta in e d  by e lu t in g  c l o s e l y  
lo c a te d  b lan k  s p o ts  o f  id e n t i c a l  d im en sio n s . In  s p i t e  o f  th e s e  p recau ­
t io n s  s p e c tr a  a r e  u s u a l ly  d is t o r t e d  (L ask ow sk i, 1 9 6 7 ).
The n u c le ic  a c id  h y d r o ly s a te  may b e se p a r a te d  on Whatman No. 1 
f i l t e r  paper (Markham and Sm ith , 1949; W h itfe ld , 1953) or  S c h le ic h e r  and 
S c h u e ll  No. 597 (V isc h e r  and C h a rg a ff, 1948; B en d ich , 19 5 7 ). Both o f  
th e s e  p ap ers are  u sed  b ecau se th ey  r e q u ir e  no p re tre a tm e n ts  (Kream and 
C h a rg a ff, 1952) and e x h ib i t  a h ig h  r e s o lv in g  c a p a c i ty .
The s o lv e n t  sy stem  chosen  to  s e p a r a te  th e  n u c le ic  a c id  components 
i s  o f  prim ary im p ortan ce . To s e p a r a te  th e  n itr o g e n o u s  b a ses  W yatt (1951)  
used 2-propanol-H C l-H 20( 6 5 / 1 6 .7 / 1 8 .3 - v / v / v ) . T h is  s o lv e n t  a llo w e d  th e  
b e s t  q u a n t ita t io n  o f  g u a n in e . O ther s o lv e n t  sy stem s used  a r e  n -b u ta n o l-  
d ie th y le n e  g ly c o l - 0 .1  N HC1 ( 4 /1 /1  , v /v / v )  (V isc h e r  and C h a rg a ff, 1948b ), 
g l a c i a l  fo rm ic  a c id -n -b u ta n o l s a tu r a te d  w ith  w a ter  (9 0 /1 0 , v /v )  (Markham 
and Sm ith , 1 9 4 9 ), and 5% Na2HP0^-isoarayl a lc o h o l  o r  ii-b u ta n o l ( s a tu r a te d  
w ith  10% aqueous u rea ) (C a r te r , 1950) .
D e te c t io n  o f  th e  p u rin e  and p y r im id in es  i s  b e s t  a ch ie v ed  w ith  
lo n g  wave u l t r a v i o l e t  l i g h t  (UV) (B en d ich , 1 9 5 7 ). The b a se s  c a n  be 
e lu t e d  by im m ersing th e  e x c is e d  s p o ts  in  w ater o r  0 .1  N HC1 fo r  s i x  
h ou rs (H ep p el, 1 9 6 7 ). Q u a n tita t io n  o f  th e  e lu a t e s  i s  c a r r ie d  o u t u s in g  
th e  m olar e x t in c t io n  c o e f f i c i e n t  fo r  each  b a se .
Use o f  t h in - la y e r  chrom atography w ith  a n io n -ex ch a n g er  h as th e  
fo l lo w in g  ad van tages o v er  th e  o ld e r ,  pap.er chrom atograph ic m ethods 
(R and erath , 1966): (1 )  com plex m ix tu res  o f  n u c le o t id e s  can be sep a ra ted ;
(2 )  i t  i s  5 0 -1 0 0  tim es  a s  s e n s i t i v e  as paper chrom atography; (3 ) sep a ra ­
t io n  can o f t e n  be c a r r ie d  o u t in  5 -8 0  m in u tes; and (4 ) ex p er im en ta l con ­
d i t io n s  ( e . j g . ,  a c i d i t y  o f  s o lv e n t )  a r e  such  a s  to  le s s e n  th e  danger o f  
n u c le o t id e  d e c o m p o s it io n . A s u i t a b le  s o lv e n t  fo r  s e p a r a t in g  th e  n i t r o ­
genous b a se s  i s  m e th a n o l-c o n c e n tr a te d  HCl-H^O (6 5 :1 7 :1 8 )  (Keck and Hagen, 
1 9 6 4 ).
DeLey (1967) d e r iv e d  a form ula  f o r  q u ic k ly  p r e d ic t in g ,  from s p e c tr o -  
p h o to m e tr ic  m easurem ents, th e  m ole p e r c e n t  gu an in e p lu s  c y to s in e  (GC), 
w hich i s :
GC = 1 6 8 .6 -8 7 .4  (E2 60/E 280)
T h is  form ula i s  a c c u r a te  to  w ith in  t 3% GC, a s  lon g  a s  th e  p e r c e n t  GC i s  
in  th e  range o f  40-70% . The e x t in c t io n  r a t io  i s  d eterm ined  u s in g  a s o lu ­
t io n  o f  DNA in  0 .1  N a c e t i c  a c id  a t  pH 3 .
3 . Thermal D en a tu ra tio n
The p r in c ip a l  e f f e c t  o f  e le v a te d  tem p eratu re on any compound in  
g e n e r a l ,  and on DNA in  p a r t ic u la r ,  i s  to  su p p ly  enough k i n e t i c  en ergy  to  
d is r u p t  th e  bonds betw een  atoms and m o le c u le s .  D en a tu ra tio n  (m e lt in g )  o f  
n a t iv e ,  d o u b le -s tr a n d e d  DNA may be th ou ght o f  a s  c o n s is t in g  o f  th r e e  o v e r ­
la p p in g  s t e p s .  The f i r s t  i s  th e  c o l la p s e  o f  th e  hydrogen  bonded, d o u b le ­
h e l i c a l  s t r u c tu r e  fo llo w e d  by th e  c o l la p s e  o f  b a s e - s ta c k in g .  F in a l ly ,  
th e  r e a c t io n  i s  com pleted  by th e  d i s s o c ia t io n  or  com p lete  s e p a r a t io n  o f  
th e  com plem entary s tr a n d s . T hese s t e p s  are  r e v e rsed  by s lo w  c o o l in g .
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D en a tu r a tio n  o f  DNA becom es i r r e v e r s ib l e  when th e  tem p eratu re i s  
a b r u b tly  low ered . T h erm a lly -in d u ced  s tra n d  s e p a r a t io n  i s  a r a th e r  slow  
p r o c e s s  r e q u ir in g  about th r e e  seco n d s (S z y b a ls k i ,  1 9 6 7 ). The r a te  i s  
dependent on th e  amount o f  gu an in e (G) and c y t o s in e  (C) p r e s e n t .  T h is  
r e a c t io n  i s  u s u a l ly  fo llo w e d  by h e a t in g  a DNA s o lu t io n  in  a q u artz  
c u v e t t e ,  w h ile  r e c o r d in g  th e  change in  ab sorb an ce (a t  260 nm) as a 
fu n c t io n  o f  tem p era tu re . The r e s u l t in g  cu rve e x h ib i t s  a sharp t r a n s i ­
t i o n  o v er  a s h o r t  range o f  tem p eratu re and th e  m id p o in t i s  d e f in e d  as  
th e  m e lt in g  tem p era tu re , T^. K n i t t e l  £ £  a l .  (1968) d e s c r ib e d  a method 
u s in g  norm al p r o b a b i l i t y  graphs to  d eterm in e th e  %  from as l i t t l e  as  
two o r  th r e e  e x p e r im e n ta lly  d eterm ined  p o in t s .
Marmur and Doty (1962 ) d e r iv e d  an e q u a tio n  fo r  c a lc u la t in g  th e  
m ole p e r c e n t  gu an in e  p lu s  c y t o s in e  (GC) b ased  on th e  T^. in  d eg rees  
c e n t ig r a d e .
= 6 9 .3  +  0 .4 1  (GC)
T h is  e q u a tio n  was d e r iv e d  a t  u s in g  a r e a c t io n  m ix tu re  o f  20 jig DNA/ml 
o f  1 x  SSC (0 .1 5  M NaCl +  0 .0 1 5  M sodium  c i t r a t e ,  pH 7 .0  t 0 . 3 ) ,  They 
showed th a t  c a l f  thymus DNA reduced  by s o n ic  d is in t e g r a t io n  to  a m olecu ­
la r  w e ig h t o f  2 .6  x  10^ had th e  same as n a t iv e  DNA w ith  a m o lec u la r  
w e ig h t o f  8 x 10®. The p r e se n c e  o f  th e  u n u su a l b a se  h yd roxym eth y l-  
c y t o s in e  in  DNA (.e .jj. o f  b a c te r io p h a g e  T2, T4, and T6) d oes n o t  d is p la c e  
th e  ^  v a lu e  p r e d ic te d  by th e  Marmur-Doty form u la .
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4 . C hem ica l R e a c t io n s
a . Form aldehyde
H a se lk o rn  and D oty (1 9 6 1 ) have shown th a t  form ald eh yd e in ­
a c t i v a t e s  v ir u s  due to  in t e r a c t io n  w ith  th e  amino groups o f  a d e n in e , c y t o ­
s i n e ,  and g u a n in e . P ro d u cts  o f  fo r m y la t io n  may b e S c h i f f  b a s e s  o f  th e  
ty p e  R-N = CH2 - S t a e h e l in  (1 9 5 8 ) and Zamenhof e t  a l .  (1953 ) r e p o r te d  
t h a t  n a t iv e  DNA d o es n o t  r e a c t  w ith  form ald eh yd e u nder th e  same c o n d i­
t io n s  u sed  fo r  r e a c t io n  w ith  RNA. They co n c lu d ed  th a t  amino grou p s in ­
v o lv e d  in  h yd rogen  bonds a r e  u n r e a c t iv e  tow ard form ald eh yd e fo r  a g iv e n
s e t  o f  e x p e r im e n ta l c o n d it io n s  and sh o u ld  r e f l e c t  q u a n t i t a t iv e ly  th e
♦
f r a c t i o n  o f  amino groups in v o lv e d  in  hydrogen  b o n d s.
S in g le - s t r a n d e d  DNA o r  d en a tu red  DNA w i l l  r e a c t  w ith  form ald eh yd e  
c a u s in g  an in c r e a s e  in  ab so rb a n ce  and a  s h i f t  in  th e  ab sorb an ce  maximum 
(S oeh n er  e t  a l . ,  1955; L ew in , 1966; B erns and Thomas, 1 9 6 1 ) . I t  i s  
th ou gh t th a t  th e  r e a c t io n  o f  form aldehyde w ith  th e  b a s e s  p r e v e n ts  th e  
fo rm a tio n  o f  th e  com pact d en a tu red  form ( S t u d ie r ,  1 9 6 5 ) .
A seco n d a ry  r e a c t io n  o f  form aldehyde w ith  DNA in c lu d e s  c r o s s -  
l in k in g  o f  com plem entary s tr a n d s  (Zam enhof e t  a l . ,  1 9 5 3 ) . The fo rm a tio n  
o f  s t a b l e  m eth y le n e  b r id g e s  b etw een  n u c le o t id e s  i s  b e l i e v e d  to  b e a n o th er  
r e a c t io n ,  p erh a p s a  prim ary one ( C o l l in s  and G u ild , 1 9 6 8 ).
b . Magnesium Ion
D iv a le n t  c a t io n s  h a v e  b een  shown to  e x e r t  d i f f e r e n t  e f f e c t s  
when th e y  i n t e r a c t  w ith  DNA. Ca"^ and Mg++ h a v e  b o th  been  r e p o r te d  to
|  r
in c r e a s e  th e  s t a b i l i t y  and o f  DNA w h ereas Cu d e c r e a se d  th e  (E ic h -  
h o m , 1962; E ichh orn  and C la r k , 1 9 6 5 ) .
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I t  was shown th a t  th e com b in ation  o f  e i t h e r  Hg++ or Cu+ +  w ith  
d en atu red  DNA le d  to  a s p e c t r a l  s h i f t  o f  th e  maximum a b so rp tio n  to  lo n g er  
w a v e len g th s  (H ia i ,  1965; E ichhorn  e t  a l . ,  1 9 6 6 ) . These r e s u l t s  w ere b e­
l i e v e d  to  r e s u l t  from th e  b in d in g  o f  th e  c a t io n s  to  th e n itr o g e n  b a s e s  
on ce hydrogen bonds were d is r u p te d . Thomas (1 9 5 4 ) and Shack (1958) ob -
-I  I
se r v e d  th a t  th e  UV spectrum  o f  n a t iv e  DNA in  th e  p r e se n c e  o f  Mg was 
unchanged. Fishman _et a l .  (1967) rep o rted  th a t  th e  e f f e c t  o f  Mg**** on
I f  - I  I
d en atu red  DNA i s  s im ila r  to  th a t  o f  th e  a c t io n  o f  Hg or Cu ,
c .  E thidium  C h lo r id e
Ethidium  brom ide (2 ,7 -d ia m in o , 9 -p h en y l-p h en a n th r id iu m -  
1 0 -e th y l  brom ide) i s  a tr y p a n o c id a l dye d is p la y in g  s e v e r a l b i o l o g i c a l  
p r o p e r t ie s .  I t  in h ib i t s  DNA-dependent n u c le ic  a c id  po lym erases su ch  as 
E s c h e r ic h ia  c o l i  n u c le o t id y l  t r a n s fe r a s e  (EC 2 . 7 . 7 . 7 )  in  v i t r o  ( E l l i o t t ,  
1963) and form s s o lu b le  m etachrom atic  com plexes w ith  n u c le ic  a c i d s .
The com plex ing  o f  eth id iu m  brom ide w ith  p u r in e  and p yrim id in e n u c le o ­
t i d e s  produces s l i g h t  s h i f t s  to  lo n g e r  w a v e len g th s  o f  the dye. P u r in e  
compounds are more e f f e c t i v e  than p y r im id in e  in  c a u s in g  t h is  s h i f t .
For b in d in g  o f  e th id iu m  a p o ly n u c le o t id e  m ust p o s s e s s  some form o f  
b a s e -p a ir e d  secon d ary  s t r u c tu r e .  E vid en ce h as b een  p resen ted  th a t  p r i ­
mary b in d in g  o ccu rs  by a p r o c e s s  o f  in t e r c a la t io n  betw een a d ja c e n t  b a s e -  
p a ir s ,  w h ile  secon d ary  b in d in g  o ccu rs  by a " sta c k in g "  mechanism (W aring,
1966) .
A marked in c r e a s e  in  f lu o r e s c e n c e  o f  th e  dye occurs on b in d in g  
(LePecq e t  a l . , 1964; LePecq and P a o l e t t i ,  1 9 6 6 ) . In th e  p r e se n c e  o f
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h ig h  s a l t  c o n c e n tr a t io n  eth id iu m  b in d s  a lm o st e x c lu s iv e ly  to  d ou b le­
stran d ed  hydrogen-bonded p o ly n u c le o t id e s .  H ow ever, a t  low  s a l t  con cen ­
t r a t io n s  o f  0 .0 1  M and l e s s  two k in d s  o f  b in d in g  s i t e s  e x i s t :  (a )  th e
same d o u b le -s tr a n d e d  s i t e  (prim ary s i t e )  as a t  h ig h  s a l t  c o n c e n tr a t io n  
(0 .2  M NaCl, 0 .2  M T r is-H C l, pH 7 .5 )  w hich i s  c h a r a c te r iz e d  by an en­
hanced f lu o r e s c e n c e  and a c e r ta in  s p e c t r a l  s h i f t ;  and (b ) a second  
b in d in g  s i t e  (seco n d a ry  s i t e )  a t  w hich f lu o r e s c e n c e  e f f i c i e n c y  i s  low  
but the a b so r p tio n  spectrum  i s  th e  same as a t  th e  f i r s t  k ind  o f  s i t e  
(LePecq and P a o l e t t i ,  1 9 6 7 ).
B in d in g  o f  i n t e r c a la t iv e  d yes ca u ses  a p a r t i a l  unw inding o f  th e  
d u p lex  s t r u c tu r e  in  c lo s e d  c ir c u la r  DNA ( G e l le r t ,  1 9 6 7 ). S in c e  th e  
buoyant d e n s ity  o f  th e  DNA-dye com plex i s  in v e r s e ly  r e la t e d  to  the  
amount o f  dye bound, th e  buoyant d e n s it y  o f  th e  c lo s e d  c i r c u la r  DNA-dye 
com plex a t  s a tu r a t io n  i s  g r e a te r  than  th a t  o f  th e  l in e a r  or  n ick ed  c i r -  
cular-DNA dye com plex. Thus, th e  dye may be u sed  to  d e t e c t  and d i s t i n ­
g u ish  betw een  th e d i f f e r e n t  t e r t i a r y  s t r u c tu r e s  o f  DNA (R a d lo f f  jrt _al. , 
1967; Bauer and V in ograd , 19 6 8 ).
5 . E le c tr o n  M icroscopy
The v i s u a l i z a t i o n  o f  DNA i s  acco m p lish ed  through th e u se  o f  
th e  e le c t r o n  m ic r o sc o p e . The o r i g in a l  method o f  tra n sfo rm in g  a b u lk  DNA 
s o lu t io n  in t o  a m onom olecular la y e r  c o n s is t e d  o f  sp rea d in g  th e  m o le c u le s  
on an aqueous subphase (K le in sch m id t and Zahn, 1 9 5 9 ) . C er ta in  p olym ers  
and many g lo b u la r  p r o te in s  in  s o lu t io n  w i l l  produce in s o lu b le  s u r fa c e  
f i lm s  on f l a t  aqueous s o lu t io n  due to  s u r fa c e  d e n a tu r a tio n  o f  th e  p ro­
t e in  (Chessman and D a v ie s ,  1 9 5 4 ). The su r fa c e  la y e r  i s  co n s id e r e d  to
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e x i s t  a s  a m o le c u la r  n e t  o f  u n fo ld ed  p o ly p e p t id e  ch a in s  (K le in sc h m id t , 
1 9 6 8 ). The DNA (o r  RNA) i s  adsorbed  to  th e  p o ly p e p t id e  by th e b a s ic  
s id e  groups o f  amino a c id  r e s id u e s .  T h is  e f f e c t i v e l y  b r in g s  th e  n u c le ic  
a c id s  from a th r e e -d im e n s io n a l p o s i t io n  in  aqueous s o lu t io n  to  a tw o- 
d im en sio n a l p o s i t io n  (ad sorb ed  to  th e  p o ly p e p t id e  n e t ) . Cytochrome C i s  
th e  p r o te in  o f  c h o ic e  (K le in sc h m id t, 1968; Haberman e t  a l . ,  1967; Sarov  
and B eck er , 1 9 6 7 ) . The adsorbed  n u c le i c  a c id  p lu s  p r o te in  i s  then  tr a n s ­
fe r r e d  to  a s o l i d  su p p ort and d r ie d . E le c tr o n  m icrograp hs a re  tak en  o f  
p r e p a r a t io n s  c o n tr a s te d  by d e p o s it in g  m eta l ( a t  an a n g le  o f  5 -1 0 ° )  a lon g  
th e  n u c le i c  a c id  f i la m e n ts  (K le in sc h m id t, 1 9 6 8 ). M eta ls  u sed  a re  uran­
ium (K le in sch m id t a t  a l . ,  1 9 6 3 ), p la tin u m  (H a ll and L i t t ,  1 9 5 8 ), p l a t i ­
num-carbon (McCrea and Lipman, 1 9 6 7 ) , p la tin u m -p a lla d iu m  (Bode and 
M acH attie , 1 9 6 8 ), and o th e r  m e ta ls  and t h e ir  o x id e s .
MATERIALS AND METHODS
A. E x p er im en ta l C a lv es
The e x p e r im e n ta l c a lv e s  w ere o b ta in e d  a t  l o c a l  l i v e s t o c k  a u c t io n s  
and w ere o f  m ixed b reed  and s e x e s  and o f  d i f f e r e n t  a g e s .  Anaplasm a  
m a r g in a le  was p ro p a g a ted  in  sp le n e c to m iz e d  c a lv e s  a s  p r e v io u s ly  d e ­
s c r ib e d  (D im o p o u llo s  _et _al. ,  1960; S ch rad er and D im o p o u llo s , 1963; 
D im o p o u llo s  and B e d e l l ,  1964 , 1965; and Gough and D im o p o u llo s , 1 9 6 5 ).
B . H em atology
B lood  was c o l l e c t e d  p e r i o d i c a l l y  and sm ears s t a in e d  w ith  Giemsa 
s t a i n  w ere exam ined by l i g h t  m ic r o sc o p y . As soon  a s  50  to  80 p e r c e n t  
o f  th e  e r y th r o c y te s  w ere i n f e c t e d ,  th e  an im al was e x sa n g u in a te d  and 
b lo o d  was c o l l e c t e d  in  f la s k s  w ith  h e p a r in  sodium  s o lu t io n  ( 0 .3  m l con­
t a in in g  1000 U .S .P .  u n i t s /  m l /5 0 .0  ml o f  b lo o d ) a s  a n t ic o a g u la n t .
C. I s o l a t i o n  o f  DNA
S e p a r a t io n  o f  e r y th r o c y te s  from w h ite  b lo o d  c e l l s  and p lasm a was 
a cco m p lish e d  b y  c e n t r i f u g a t io n  a t  1085 x  £  f o r  20 m in u tes  a t  4°C . The 
e r y th r o c y te s  w ere washed 3 -5  t im e s  in  0.97. NaCl and d i lu t e d  w ith  an 
e q u a l volum e o f  0.9% NaCl c o n ta in in g  0 .1  M sodium  c i t r a t e .  The su sp en ­
s io n  was s o n ic a te d  a t  8 am peres f o r  90 se c o n d s  w ith  a B ranson  S o n i f i e r  
(m odel S 7 5 ) . C i t r a t e  was added to  i n h i b i t  th e  a c t io n  o f  n u c le a s e s .  The 
s o n ic a t e d  p r e p a r a t io n  was th en  s u b je c te d  to  d i f f e r e n t i a l  c e n t r i f u g a t io n  
a s  shown in  F ig u r e  1 . S ed im en ts w ere exam ined f o r  th e  p r e s e n c e  o f  mar­
g i n a l  b o d ie s  a s  a  g u id e  to  th e  c o u r se  o f  fu r th e r  e x p e r im e n ta t io n .
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I n fe c t e d ,  washed e r y th r o c y te s
S o n ic a t io n  o f  eq u a l volume o f  packed e r y th r o c y te s  and 0.9%
NaCl c o n ta in in g  0 .1  M sodium  c i t r a t e  u s in g  Branson Son-
f i e r  a t  8 amps fo r  90 secon d s   ----------------------------------------------------
C e n tr ifu g a t io n  a t  1085 x  g , 20 m in .,  4°C
Sedim ent 
( e r y th r o c y te  d e b r is )
1
S u p ern atan t f lu id
C e n tr ifu g a t io n  a t  1085 x  
_______ 20 m in . 4°C
Sedim ent S u p ern atan t f lu id
C e n tr ifu g a t io n  a t  2 7 ,0 0 0  x  




Washed 4 x  w ith  equal 
volum e o f  0.9% NaCl and 
0 .1  M sodium  ph osp h ate  
b u f fe r  a t  pH 7 .0 ;  c e n t r i ­
fu ged  a t  2 7 ,0 0 0  x £  fo r  
 20 m in , 4°C___________
S u p ern atan t f lu id
Sedim ent  ,—
 1
S u p ern atan t f lu id
R esuspended in  10-15 ml
0.9% NaCl; DNase and RNase 
added (0 .0 5  m g /10 ml o f  su sp en ­
s io n )  ; m ix tu re  in cu b a ted  15 min 
a t  37°C; c e n tr ifu g e d  a t  2 7 ,0 0 0  




S u p ern atan t f lu id
R esuspended in  10-15 ml 0.9% 
NaCl c o n ta in in g  0 .1  M sodium  
c i t r a t e  and fr o z e n  a t  -22°C
F ig u r e  1 . Sequence fo r  th e  i s o l a t i o n  o f  p a r t i a l l y  p u r if ie d  Anaplasma 
b o d ie s .
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Two m ethods w ere em ployed fo r  th e e x tr a c t io n  o f  DNA (Marmur, 1961; 
Thomas £ t  _ a l . , 1966) depending upon th e exp erim en ts to  be perform ed.
1 . Method o f  Marmur (1961)
Frozen p a r t i a l l y - p u r i f i e d  m arg in a l b o d ie s  w ere thawed in  tap  
w a ter . A pp roxim ately  2 grams o f  th e  sed im en t c o n ta in in g  b o d ie s  w ere s u s ­
pended in  25 ml o f  0 .1 5  M N a C l-0 .1  M EDTA, pH 8 .0 .  L y s is  o f  b o d ie s  was 
in d u ced  by a d d it io n  o f  2 .0  m l-o f  25% sodium  la u r y l  s u l f a t e  s o lu t io n  (SLS) 
fo llo w e d  by 10 m in u tes  in c u b a tio n  in  a w a terb ath  a t  60°C , To th e  now 
v is c o u s  p r e p a r a t io n , p e r c h lo r ic  a c id  ( f i n a l  c o n c e n tr a t io n  1 M) and an 
eq u a l volum e o f  a m ix tu re  o f  ch loro form  and iso a m y l a lc o h o l  ( 2 4 /1 ,  v /v )  
were added. The f la s k  was shaken fo r  30 m in u tes  and th e  c o n te n ts  c e n t r i ­
fuged  a t  1475 x f o r  5 m in u te s , 4°C . The upper aqueous la y e r  was c a r e ­
f u l l y  tr a n s fe r r e d  to  a c le a n  f la s k  u s in g  a p ip e t t e  whose narrow t ip  had
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been c u t away and th e  edge f i r e - p o l i s h e d  so  a s  to  red u ce  damage due to  
sh ea r  f o r c e s .  C h loro form -isoam yl a lc o h o l d e p r o t e in lz a t io n s  were rep ea ted  
u n t i l  th e  i n t e r f a c i a l  p r e c i p i t a t e  had a l l  b u t d isa p p e a r e d , as d e sc r ib e d  
in  F ig u re  2 . Two volum es o f  95% e th a n o l w ere la y e r e d  c a r e f u l ly  on top  
o f  th e f i n a l  aqueous la y e r  p r e c i p i t a t in g  th e  DNA which was wound on a 
g la s s  rod and d is s o lv e d  in  10-15  ml o f  0 .1  x SSC. The s a l i n e - c i t r a t e  
c o n c e n tr a t io n  was a d ju s te d  to  th a t  o f  1 x SSC w ith  10 x SSC which was 
fo llo w e d  by in c u b a tio n  f o r  30 m in u tes a t  37°C w ith  RNase (5 0  /(g/mlj. The 
d e p r o te in iz a t io n  s te p s  w ere r e p e a te d  w ith  th e  DNA f i n a l l y  b e in g  d is s o lv e d  
in  a volum e o f  9 .0  ml o f  0 .1  x  SSC. F i n a l ly ,  i f  th e  y i e l d  appeared s u f ­
f i c i e n t ,  1 .0  ml o f  3 M a c e t a t e  -  1 x  10"^ M EDTA (pH 7 .0 )  was added.
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P a r t i a l l y  p u r i f ie d  m arg in a l body su sp e n s io n ;  50 ml 0 .1 5  M 
NaCl -  0 .1  M EDTA, pH 8 .0 ;  c e n tr ifu g e d  1 5 ,9 0 0  x  £ ,  20 m in , 
4°C ; resu spend ed  in  25 ml o f  same b u f fe r ;  2 ml o f  25% SLS; 
in c u b a te  a t  60°C fo r  10 min; p e r c h lo r ic  a c id  to  1 M; eq u a l 
v o l .  o f  c h lo r o fo r m -iso a m y l a lc o h o l  2 4 -1  ( v / v ) ; sh a k e , 30 
m in; c e n tr ifu g e d  1475 x  5 m in , 4°C; rep ea te d  u n t i l  l i t t l e  
o r  no i n t e r f a c i a l  p r e c i p i t a t e  rem ained._________________________
I i
CM oroform  la y e r  Aqueous j la y e r
20 v o l s  o f  95% e th a n o l p r e c ip i t a t e d  
DNA; p r e c i p i t a t e  wound on g la s s  rod; 
r e d is s o lv e d  in  10-15  ml o f  0 .1  x SSC; 
made 1 x  SSC w ith  10 x SSC; RNase
fo r  30 min a t  37°C._______ _____
D e p r o te in iz e d  u s in g  p e r c h lo r ic  a c id  
and c h lo r o fo r m -iso a m y l a lc o h o l;  cen ­
t r ifu g e d  1475 x  5 m in , 4°C; aqu­
eous la y e r  removed; 2 v o l .  95% 
e th a n o l p r e c ip i t a t e d  DNA; r e d is s o lv e d  
in  9 .0  ml 0 ,1  x  SSC; o p t io n a l:  added  
1 .0  Ml o f  3 M a c e t a t e  -  1 x  10“  ^ M 
EDTA (pH 7 .0 ) ;  DNA p r e c ip i t a t e d  by
0 .5 4  v o l .  is o p r o p y l a lc o h o l  added  
d rop w ise; sp o o led  on g la s s  rod; d i s ­
s o lv e d  in  1 x SSC (1  drop o f  c h lo r o ­
form added as p r e s e r v a t i v e ) .
F ig u r e  2 . I s o l a t io n  o f  DNA from Anaplasma m arg in a l b o d ie s  by th e  method 
o f  Marmur (1961) w ith  s l i g h t  m o d if ic a t io n s .
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I s o p r o p y l a lc o h o l  ( 0 .5 4  volum e) was th en  added d rop w ise  w h i le  s p o o lin g  
th e  DNA on a g l a s s  ro d . DNA was s to r e d  d is s o lv e d  in  1 x  SSC a lo n g  w ith  
a few  d rop s o f  ch lo r o fo r m  a s p r e s e r v a t iv e .
2 .  P h e n o lic  E x tr a c t io n  (Thomas _et a il . ,  1966)
More o f t e n  th e  in f e c t e d  e r y th r o c y te s  w ere fr e e d  o f  w h ite  c e l l s
and p lasm a by a s p ir a t in g  o f f  th e  b u f fy  c o a t  and su sp en d in g  In  1 x SSC.
DNA was e x tr a c te d  from  th e  p acked  e r y th r o c y te s  w ith o u t  any o th e r  p r e ­
tr e a tm e n ts  e x c e p t  th o s e  d e s ig n e d  to  i n h i b i t  o r  d e s tr o y  n u c le a s e s .
The in f e c t e d  e r y th r o c y te s  w ere in c u b a te d  w ith  b o th  DNase and RNase
(75  p g /m l)  a t  37°C fo r  15 m in u te s . A fte r  th e  c e l l s  w ere w ashed and r e s u s ­
pended in  1 It SSC, p ro n a se  (2  m g/m l) and SLS (27o f i n a l  c o n c e n tr a t io n )  
w ere added . The m ix tu r e  was in c u b a te d  f o r  7 h ou rs a t  37°C w ith  o c c a s io n a l  
sh a k in g . An eq u a l volum e o f  r e d i s t i l l e d  p h en o l s a tu r a te d  w ith  1 x  SSC 
was added and th e  s u sp e n s io n  r o l l e d  (60  r e v /m in )  fo r  30 m in u te s .  A f te r  
c h i l l i n g  to  0°C th e s u sp e n s io n  was c e n tr i fu g e d  a t  1510 x  j | ,  and th e  p h en o l 
removed w ith  a p i p e t t e .  RNase (20  p g /m l)  was added , and f i n a l l y  th e  s o lu ­
t io n  was d ia ly z e d  a g a in s t  th e  b u f f e r  o f  c h o ic e ,  a s d e s c r ib e d  in  F ig u re  3 .
I I
T h is m ethod o f  e x t r a c t io n  was em ployed when DNA was to  b e t e s t e d  w ith  Mg 
and form ald eh yd e.
For th e  a n a l y t i c a l  c e n t r i f u g a t i o n s ,  T^ j d e te r m in a t io n , and r e a c t io n  
w ith  e th id iu m  c h lo r id e ,  a co m b in a tio n  o f  b o th  th e  Marmur and p h e n o lic  e x ­
t r a c t i o n  p ro ced u res  was em ployed . E s s e n t i a l l y ,  th e  p h e n o l e x t r a c t io n  
m ethod was fo llo w e d  up to  th e  d i a l y s i s  s t e p .  In s te a d  o f  d i a l y s i s ,  p e r ­
c h lo r i c  a c id  (1  M f i n a l  c o n c e n tr a t io n )  and c h lo r o fo r m -iso a m y l a lc o h o l
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I n fe c te d  e r y th r o c y te s ;  DNase and RNase 
(75  j ig /m l) ; in cu b a ted  15 min a t  37°C; wash
and r e s u s pended in  1 x SSC
P ronase (2 m g/m l) and SLS (2%) added; 
in cu b a ted  7 h ou rs a t  37°C w ith  o c c a s io n a l
shaking
E qual v o l .  r e d i s t i l l e d  p h e n o l, SSC s a tu r a te d ,  
was added; r o l l e d  30 m in , 60 rev /m in ;  
c o o le d  to  0°C; c e n tr i fu g e d  1510 x g
P henol la y e r  Aqueous la y e r
!
In cu b ated  w ith  20 jig/m l 
RNase 30 min a t  37°C; d i  
a ly s e a  a g a in s t  b u f fe r  o f  
c h o ic e ;  s to r e d  w ith  drop  
o f  ch loroform
F ig u r e  3 . Scheme fo r  p h e n o lic  e x t r a c t io n  o f  DNA from A. m a rg in a le  
(Thomas _e_t j Q . , 1966) .
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d e p r o t e in iz a t io n s  w ere perform ed  r e p e a t e d ly .  DNA was th en  p r e c i p i t a t e d  
w ith  2 vo lu m es o f  95% e th a n o l and sp o o le d  on a  g la s s  ro d . The f i n a l  Btep  
in v o lv e d  d i s s o lv in g  th e  DNA in  th e  d e s ir e d  b u f f e r .
D. C hem ical A n a ly s is
1 . H y d r o ly s is
The DNA (e x tr a c te d  by Marmur’ s m ethod) was d r ie d  in  a vacuum oven  
a t  4 0°C . A 0 .5  mg sam ple o f  d r ie d  DNA was p la c e d  in t o  a tu b e c o n ta in in g  
0 .5  ml o f  88% fo rm ic  a c id .  The tu b e was s e a le d  w ith  an o x y g e n -g a s  flam e  
and h y d r o ly s i s  was a cco m p lish ed  by p la c in g  th e  s e a le d  tu b e in  o - d ic h lo r o -  
b en zen e a t  175°C f o r  30 m in u te s . A f te r  c o o l in g ,  th e  tu b e  was opened and 
th e  c o n te n ts  ev a p o ra ted  to  d r y n e ss  under a s trea m  o f  n i t r o g e n .  The r e s i ­
due was d is s o lv e d  in  25 p i  o f  1 N HCl and was chrom atographed and q u a n t i­
ta te d  a s  d e s c r ib e d  b e lo w .
2 . D escen d in g  Chromatography
Whatman No. 1 f i l t e r  p ap er  was c u t  t o  m easure 20 x  50 cm. and d i ­
v id e d  in t o  7 la n e s .  Onto one la n e  8 p i  o f  th e  h y d r o ly s a te  w ere s p o t t e d .  
A denine (A ), G, C, thym ine (T ) , and u r a c i l  (U) se r v e d  a s  c o n t r o l s .  The 
s o lv e n t  u se d  to  d e v e lo p  th e  chrom atogram s c o n s i s t e d  o f  12 N H C l-2 -p r o -  
p a n o l-^ O  ( 1 6 ,7 - 6 5 - 1 8 .3 - v / v / v )  . D evelopm ent t im es  w ere a p p ro x im a te ly  
20 h o u r s , a f t e r  w hich  th e  chrom atogram  was removed and d r ie d  in  an atm os­
p h ere  o f  NH^ OH to  n e u t r a l i z e  th e  HCl.
3 . Q u a n t ita t io n
Under lo n g  wave UV r a d ia t io n  th e  s e p a r a te d  b a s e s  appear a s  dark  
s p o ts  a g a in s t  a background o f  g e n e r a l  paper f lu o r e s c e n c e .  The s p o ts  and 
i d e n t i c a l  a rea s  from b la n k  la n e s  w ere c u t  o u t  and each  was sh red d ed  and
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p la c e d  o v e r n ig h t in  a t e s t  tu b e c o n ta in in g  5 .0  ml o f  0 ,1  N HCl fo r  e lu ­
t io n .  The m icrom olar c o n c e n tr a t io n  o f  each  b a se  was d eterm ined  s p e c tr o ­
p h o to m e tr ie s  l l y  in  a Beckman DB S p ectrop h otom eter  em ploying th e  fo l lo w in g  
m olar e x t in c t io n  c o e f f i c i e n t s  (B en d ich , 1957 ):
W avelength  
a t  maximum
a b so r p tio n  E x 10"^ ji m oles
(nm) Ob u n it
A denine 2 6 2 .5  1 2 .6  0 .0 7 9 4
G uanine 249 1 1 .1  0 .0 9 0 1
U r a c il  260 8 .1 5  0 .1 2 3
Thymine 265 7 .9 5  0 .1 2 6
C y to s in e  283 1 0 .0  0 .1 0 0
The p e r c e n ta g e  o f  each  b a se  was c a lc u la t e d  by d iv id in g  th e  number o f
m icrom oles o f  each  by th e  t o t a l  number o f  m icrom oles o f  a l l  b a ses  in  th e
sam ple and m u lt ip ly in g  by 100.
E. Thermal D en a tu r a tlo n
A m easu rab le  h y p e r c h r o m ic ity  a t  th e  a b so r p tio n  maximum (260  nm) a c ­
com panies th e  th erm al d e n a tu r a tio n  o f  DNA. DNA in  1 x  SSC was d i lu t e d  
to  20 p g /m l (an  absorbance o f  about 0 .4 0 0 ) .  The sam ple and r e fe r e n c e  
(1  x SSC) in  g la s s - s to p p e r e d  c u v e t t e s ,  w ere p la c e d  in  a Beckman Model 
DU S p ectrop h otom eter  adapted  fo r  m e lt in g  tem perature d e te r m in a t io n s . The 
i n i t i a l  absorbance a t  25°C was record ed  and th e  tem p eratu re a b ru p tly  
r a is e d  to  50°C . A f te r  d e g a s s in g  th e  sam p le , th e  tem perature was fu r th e r  
in c r e a se d  a t  th e  r a t e  o f  about 1°C ev ery  5 m in u te s . The a b sorb an ce ,
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c o r r e c te d  fo r  th e  c o n c e n tr a t io n  d i l u t i o n ,  d iv id e d  by th e i n i t i a l  a b so r­
b ance a t  25°C was p lo t t e d  versuB  th e  tem p eratu re o f  th e  s o lu t io n  (Mandel 
and Marmur, 1 9 6 8 ) . The tem perature co rr esp o n d in g  to  h a l f  th e  f i n a l  in ­
c r e a s e  in  r e l a t i v e  ab sorb ance was d e s ig n a te d  th e  T^. The T^ i s  dependent 
upon GC c o n te n t  and i t s  determ ined  v a lu e  i s  in f lu e n c e d  by th e  io n ic  
s tr e n g th  o f  th e  s o lv e n t  ( F e ls e n f e ld  and M ile s ,  1 9 6 7 ).
F . C hem ical R e a c tio n s
1, Form aldehyde
The UV spectrum  o f  DNA. in  1 x'. SSC was taken in  th e  a b sen ce  o f  
form aldehyde and j u s t  a f t e r  th e  a d d it io n  o f  form aldehyde ( f i n a l  c o n c e n tr a ­
t io n  2%). Sam ples w ere in cu b a ted  fo r  5 .5  h ou rs a t  37°C and a g a in  th e  UV 
spectrum  was ta k en . A bsorbance v e r s u s  w a v elen g th  (nm) was p lo t t e d  fo r  
each  d e te r m in a t io n .
2 . Magnesium Ion
U n trea ted  J)NA was d is s o lv e d  in  5 mM NaCl and d iv id e d  in t o  two 
a l i q u o t s .  One sam ple was p la c e d  in  a w a terb a th  a t  100°C fo r  5 to  10 
m in u tes and th en  c h i l l e d  im m ed ia te ly  by p lu n g in g  i t  in t o  an ic e b a th  fo r  
a t  l e a s t  two m in u te s . A sam ple so t r e a te d  was r e fe r r e d  to  a s  h e a te d  and 
f a s t - c o o le d  DNA (HFC). To u n tr e a te d  (n a t iv e )  and HFC sam ples was added 
MgCl2  to  a f i n a l  c o n c e n tr a t io n  o f  0 .0 4  M. The UV spectrum  o f  th e  sam p les , 
u s in g  5 mM NaCl w ith  o r  w ith o u t MgCl2  as th e  r e fe r e n c e  s o lu t io n  was de­
term ined  in  a Beckman DB S p ectro p h o to m eter .
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3 . E th id ium  C h lo r id e
E th id ium  c h lo r id e  (10  p g /m l o f  0 .1  M N a C l-0 .1  M T r i s ,  pH 7 .5 )  was 
added to  sam ples o f  n a t iv e  DNA. in  c o n c e n tr a t io n s  ran g in g  from 4 to  10 
p g /m l. The dye was added to  HFC DNA in  d i f f e r i n g  c o n c e n tr a t io n s .  R e la ­
t i v e  f lu o r e s c e n c e ,  record ed  in  an Aminco Bowman S p e c tr o flu o r o m e te r  was 
p lo t t e d  v e r s u s  DNA c o n c e n tr a t io n  (LePecq and P a o l e t t i ,  1 9 6 8 ) .
G. E le c tr o n  M icroscopy
E le c tr o n  m icro sco p e  g r id s  (co p p er , 300 mesh) w ere c o a ted  w ith  p a r lo -  
d io n . F resh  s l i c e s  o f  m ica  w ere shadowed w ith  carbon  and th en  th e f i lm  
was sco red  in t o  g r id - s i z e d  sq u a res  and f lo a t e d  o n to  th e  s u r fa c e  o f  g l a s s -  
d i s t i l l e d  w a ter  c o n ta in ed  in  a p e t r i  d is h .  H ie p a r lo d io n  c o a te d  g r id s  
w ere touched  to  f l o a t i n g  carbon  sq u a res  and s to r e d  in  an o th er  p e t r i  
d is h  fo r  fu tu r e  u s e .  A th ir d  p e t r i  d is h  whose l i p  had been  ground f l a t  
was l i g h t l y  c o a te d  w ith  p a r a f f in  (S a ro v  and B eck er , 1 967); McCrea and 
Lipman, 1 9 6 7 ) .  T h is d ish  was f i l l e d  w ith  0 .2 5  M ammonium a c e t a t e  (made 
w ith  g l a s s - d i s t i l l e d  w a ter )  to  a p o s i t i v e  m en iscu s and th e  su r fa c e  
scrap ed  c le a n  w ith  a s t a i n l e s s  s t e e l  b a r . A s t a i n l e s s  s t e e l  ramp was 
p la c e d  in  th e ammonium a c e t a t e  a t  a p p ro x im a te ly  a 30° a n g le .  The con­
c e n tr a t io n  o f  DNA in  s o lu t io n  was e s t im a te d  by assum ing th a t  0 .0 2  ab­
sorb an ce u n i t s  corresp on d ed  to  1 pg DNA/ml. The. c o n c e n tr a t io n  o f  DNA 
was a d ju s te d  to  5 p g /m l w ith  0.04% cytochrom e C in  4 mM NaCl. One 
hundred m ic r o l i t e r s  o f  t h i s  s o lu t io n  w ere s lo w ly  drawn in t o  a m icro ­
s y r in g e  f i t t e d  w ith  a le n g th  o f  p l a s t i c  tu b in g . D r o p le ts  w ere s lo w ly  
d e p o s ite d  on a s t a i n l e s s  s t e e l  ramp so  th a t  a f t e r  a p p ro x im a te ly  25 p i
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had b een  d e p o s ite d  th e  drop w ould r o l l  r a p id ly  down th e  ramp o n to  th e  
c le a n  ammonium a c e t a t e  su b p h ase. The p r e v io u s ly  p rep ared  g r id s  w ere  
punched through th e  su r fa c e  o f  th e  ammonium a c e t a t e ,  d ipped  15-20  s e c ­
onds i n  a b s o lu te  e th a n o l ,  and b lo t t e d  d ry . The g r id s  w ere shadowed in  
a vacuum ev a p o ra tp r , w ith  50 mg o f  p la tin u m  a t  an a n g le  o f  5 -1 0 °  from  
two p e r p e n d ic u la r  d i r e c t io n s .
A l l  g r id s  w ere o b served  in  an RCA EMU-3 e le c t r o n  m ic r o sc o p e . 
E le c tr o n  m icrographs w ere tak en  a t  a m a g n if ic a t io n  o f  ap p ro x im a te ly  
7 x 103 o r  h ig h e r .
H. S ed im en ta tio n  E q u ilib r iu m  C e n tr ifu g a t io n
A s to c k  s o lu t io n  o f  CsCl ( o p t i c a l  grade powder, Harshaw C hem ical 
Company) was p rep ared  by d is s o lv in g  130 gm in  70 ml o f  0 .0 2  M T r is  
b u f f e r ,  pH 8 .5  (M andel _et ja l . ,  1 9 6 8 ) . The m ix tu re  to  b e c e n tr ifu g e d  
c o n s is t e d  o f  0 .8 4  ml o f  CsCl s to c k  s o lu t io n ,  0 .0 1  ml o f  b a c te r io p h a g e  
SP8 DNA s o lu t io n  (a b o u t 50 p g /m l) ,  and 0 .0 4  ml o f  unknown DNA. The 
d e n s it y  was a d ju s te d  to  1 .7 1  g-cm"-^ (*| = 1 .4 0 0 )  w ith  w ater  o r  CsCl 
s to c k  s o lu t io n  u s in g  th e  fo l lo w in g  r e la t io n s h ip :
P 25°C = 1 0 .8 6 0 1  qD2 5 ° C -  13 .4974
A pproxim ately  0 .7 0  ml o f  th e  sam ple was p la ce d  in  an u lt r a c e n ­
t r i f u g e  c e l l  w ith  a 12 mm K el-F  c e n t e r p ie c e .  The c e l l  was s e a te d  in  
an An-D r o to r  and p la c e d  in  a Beckman Model E A n a ly t ic a l  U lt r a c e n t r i ­
fu ge  equ ipped  w ith  UV o p t i c s .  The c e l l  was c e n tr ifu g e d  a t  4 4 ,7 7 0  rpm 
a t  2^C u n t i l  e q u ilib r iu m  was a t t a in e d  (a p p ro x im a te ly  20 h o u r s ) .
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Buoyant d e n s ity  was c a lc u la t e d  u s in g  th e  fo l lo w in g  e q u a tio n  
(Sueoka, 1961 ):
P = Po +  4 .2  Uf^  ( r ^ - r x  10 ^  g*cm"’^
The PQ was taken  a s  1 .7 2 4  g*cm ,■ w h ile  r  and r Q was th e  d is ta n c e  
from th e  c e n te r  o f  r o t a t io n  o f  th e  unknown and r e fe r e n c e  DNA p ea k s , r e ­
s p e c t iv e l y .  The an gu lar  sp e e d , u / , i s  ex p r e sse d  in  r a d ia n s /s e c .  For 
a sp eed  o f  4 4 ,7 7 0  rpm, 4 .2  x  10” *® eq u a ls  0 .0 0 9 2 .
The m ole f r a c t io n  GC o f  n a t iv e  DNA was c a lc u la t e d  from th e  l in e a r  
r e la t io n  o f  S c h ild k r a u t e t  a l .  (1 9 6 2 ):
GC =
0 .0 9 8
S in g le -s tr a n d e d  DNA i s  h e a v ie r  than  i t s  d o u b le -s tr a n d e d  c o u n te r ­
p a r t  by about 0 .0 1 5  to  P "17 g*cm-  ^ ( S c h i ld k r a u t .e t  a l . ,  1 9 6 2 ).
P hotographs were taken  and t r a c in g s  o f  th e  f i lm  were made w ith  a 
S p in co  A n a ly tr o l  Model R. The buoyant d e n s ity  o f. th e  DNA was c a lc u ­
la t e d  (a s  d e sc r ib e d  above) from d is t a n c e s  m easured on th e  t r a c in g s .
RESULTS AND DISCUSSION
A. I n tr o d u c t io n
H is to c h e m ic a l s t a in in g  p ro ced u res  h a v e  in d ic a te d  th e  p r e se n c e  o f  
both  DNA and RNA in  th e  Anaplasma body (M oulten  and C h r is te n se n , 1 9 5 5 ). 
Gough (1963) rep o r te d  th a t  DNA c o n c e n tr a t io n  reached  a maximum in  in ­
f e c t e d  e r y th r o c y te s  when m a rg in a l body co u n ts  w ere a t  t h e ir  h ig h e s t  
l e v e l .  He a l s o  rep o r te d  RNA c o n c e n tr a t io n  reached  a peak th r e e  o r  
fo u r  days a f t e r  th e  maximum body co u n t.
E lle n d e r  (1966 ) was a b le  to  i s o l a t e  o n ly  DNA from p a r t i a l l y  p u r i­
f i e d  m a rg in a l b o d ie s .  He r e p o r te d  th a t  th e  m ole p e r c e n t  fo r  A, T, G, 
and C to  b e 3 2 .4 ,  1 7 .8 ,  3 4 .3 ,  and 1 5 .5 ,  r e s p e c t i v e ly .  I t  was con clud ed  
th a t  i t  was s in g le - s t r a n d e d  DNA, s in c e  h e was u n a b le  to  d en atu re i t  w ith  
h e a t .
B. I s o l a t io n
No s in g le  method i s  s u i t a b le  fo r  i s o l a t i o n  o f  DNA from a l l  so u r ­
ce s  (K it ,  1 9 6 3 ). The method o f  c h o ic e  a ls o  depends on what i s  e x p e c te d  
o f  th e  i s o l a t e d  DNA. Marmur*s m ethod (1961 ) i s  v e r s a t i l e ,  y i e ld in g  DNA 
o f  good q u a l i t y .  The a lc o h o l i c  p r e c i p i t a t io n  perhaps c a u se s  d eg ra d a tio n  
due to  i n t e r f a c i a l  s h e a r in g  f o r c e s .  Phenol e x tr a c t io n  (Thomas e t  a l . ,  
1966) e l im in a t e s  th e  n e c e s s i t y  f o r  p r e c i p i t a t io n .  A nother advantage o f  
t h i s  m ethod i s  th e  u s e  o f  p r o n a se , w hich i s  added to  in h ib i t  th e a c t io n  
o f  n u c le a s e s  and a id  in  d e g r a d a tio n  o f  both  c e l l s  and m arg in a l b o d ie s .
A com b in ation  o f  b o th  p ro ced u res  was em ployed b eca u se  t h i s  y ie ld e d  th e  
b e s t  p r e p a r a t io n s , . i . ^ . , gave th e  sh a r p e s t  p eaks in  a CsCl g r a d ie n t .
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C hem ical a n a ly s i s  was perform ed on DNA i s o la t e d  from p a r t i a l l y  
p u r i f ie d  m arg in a l b o d ie s  u s in g  th e  m ethod o f  Marmur (1 9 6 1 ) .  The method  
em ploying p h en o l was u sed  when DNA was to  be r e a c te d  w ith  form aldehyde  
and Mg"*"*\ For e le c t r o n  m icro sco p y , is o p y c n ic  c e n t r i f u g a t io n ,  and e t h i ­
dium c h lo r id e  b in d in g , DNA was i s o l a t e d  by a com bination  o f  b oth  m eth od s. 
H ow ever, i t  was found th a t  th e  r e s u l t s  were id e n t i c a l  when e i t h e r  p ack ed , 
I n fe c te d  e r y th r o c y te s  o r  p a r t i a l l y  p u r i f ie d  m arg in a l b o d ie s  c o n s t i t u t e d  
th e  s t a r t in g  m a te r ia l .
C. C hem ical A n a ly s is
H y d r o ly s is  o f  th e  p u r if ie d  DNA was accom p lish ed  by h e a t in g  fo r  30 
m in u tes in  88% fo rm ic  a c id  a t  175°C. Rf v a lu e s  on Whatman No. 1 f i l t e r  
paper fo r  A, T, G, and C correspon d ed  to  th e v a lu e s  o b ta in ed  by B endich  
(1957) and w ere 0 .3 7 ,  0 .9 0 ,  0 .2 3 ,  and 0 .4 4 ,  r e s p e c t iv e ly .  F ig u re  4  
r e p r e s e n ts  a chromatogram show ing th e  r e l a t i v e  p o s i t io n s  o f  th e  s ta n d ­
ards and th e  b a s e s  in  th e  h y d r o ly z a te .  The p r e se n c e  o f  U was n o t  d e­
t e c t e d  on th e  chrom atogram s.
The a v erage  b a se  co m p o sitio n  o f  Anaplasma DNA i s  shown in  T ab le  1, 
In clu d ed  in  th e  T ab le  a r e  th e  v a lu e s  we o b ta in ed  fo r  JL. c o l i  and Ana­
plasm a DNA, as w e l l  a s  th o s e  rep o rted  by E lle n d e r  (1 9 6 6 ) . E. c o l i  DNA 
was u sed  a s  a stand ard  to  check  th e  te c h n iq u e . D if f e r e n c e s  in  p u r ity  
o f  s t a r t in g  p r e p a r a t io n s , e x c i s io n ,  o r  e lu t io n  p roced u res can acco u n t  
fo r  th e  v a r ia t io n s  in  th e s e  v a lu e s  and th o se  o f  E lle n d e r ,







FIG.4. DIAGRAMMATIC REPRESENTATION OF A CHROMATOGRAM 
OF A HYDROLYSATE OF A. MARGINALE INFECTED ERYTHRO 
CYTE DNA (DEVELOPED IN H CL-ISOPROPANOL-HgO, 
1 6 .7 /6 5 /1 8 .3 -V /V /V ).
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T ab le  I .  P er cen t B ase C om position  o f  DNA.
E x tr a c te d  by Marmur's Method (1 9 6 1 ) .
Organism
R e la t iv e  p e r c e n t  b a se
A denine Guanine C y to sin e Thymine
E . c o l i 2 5 .6 2 6 .4 2 4 .4 2 3 .6
A. m a rg in a le 3 3 .8 3 4 .5 2 0 .2 1 1 .5
A. m a r g in a le 8 3 2 ,4 3 4 .3 1 5 .5 1 7 .8
aE lle n d e r ,  1966.
D. Thermal D en a tu r a tio n
D o u b le -s tr a n d e d , n a t iv e  DNA w i l l  e x h ib i t  a sharp  in c r e a s e  in  ab­
sorb an ce  d u r in g  h e a t in g  in  s o lv e n t s  o f  r e l a t i v e  low  io n ic  s t r e n g th .  
N e ith e r  d en atu red  (HFC) nor s in g le - s t r a n d e d  DNA b eh aves in  t h i s  fa s h io n  
( S z y b a ls k i ,  1 9 6 7 ). H y p erch ro m ic ity  o c c u r s  w ith in  a r a th e r  sharp  tem pera­
tu r e  range and i s  dependent upon GC c o n te n t .  The p r e se n c e  o f  DNAs o f  
d i f f e r e n t  GC c o n te n ts  would th e r e fo r e  be d e te c ta b le  in  t h i s  ty p e  o f  
ex p e r im e n t.
The b ip h a s ic  cu rve  o b ta in e d  w ith  n a t iv e  DNA i s  shown in  F ig u r e  5 .
The T fo r  th e  d i f f e r e n t  p h ases was 8 4 .9  and 9 2 .0 °C . Marmur's and D o ty 's  
M
(1962) r e l a t io n  betw een  GC and T^ co rresp o n d s to  th a t  o b ta in e d  by chem­
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FIG.5. MELTING CURVE OF DNA FROM 
A. MARGIN ALE INFECTED 
ERYTHROCYTES.
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(b a sed  on ch em ica l a n a l y s i s ) . T h is  i s  c h a r a c t e r i s t i c  o f  s in g le - s t r a n d e d  
DNA. D o u b le -str a n d ed  DNA would y i e l d  r a t i o s  eq u a l to  1 .0 .  However, th e  
h y p erch ro m ic ity  d is p la y e d  by b o th  s p e c ie s  was c h a r a c t e r i s t i c  o f  d o u b le ­
stra n d ed  DNA.
The DNA u sed  fo r  th e  b a se  a n a ly s i s  was e x tr a c te d  by th e method o f  
Marmur (1 9 6 1 ) .  For th e  o th e r  ex p er im en ts  DNA was e x tr a c te d  u s in g  a  
method em ploying p ron ase p r io r  to  l y s i s  o f  th e  c e l l s .  One may p o s t u la t e  
th e  p r e se n c e  o f  DNase in  th e e n u c le a te  e r y th r o c y te .  T h e r e fo r e , one can  
say  th a t  Marmur's method a llo w s  fo r  l o s s  o f  a t  l e a s t  p a r t  o f  th e  DNA 
m o le c u le .
E . C hem ical R ea ctio n s
1 . Form aldehyde
The d e n a tu r in g  e f f e c t  o f  form aldehyde on i s o l a t e d  DNA i s  w e l l
known. F ig u r e  6 d e p ic t s  th e  s p e c tr a  o f  DNA sam ples in  th e  p r e se n c e  and
ab sen ce  o f  form aldehyde. In c u b a tio n  fo r  5 .5  h ou rs a t  37°C in  th e  p r e se n c e
- 2o f  form aldehyde showed a d i f f e r e n c e  in  ab sorb ance o f  ab ou t 4 .8  x  10 
ab sorb ance u n i t s  w h ile  th e a b sen ce  o f  form aldehyde b etw een  th e  zero  and 
5 .5  hour c o n tr o l  absorbance was 5 x 10 u n i t s .  The form er d i f f e r e n c e  
in d ic a t e s  d e n a tu r a tio n  w h ile  th e  l a t t e r  i s  i n s i g n i f i c a n t .  S in g le ­
stran d ed  DNA in  th e  p resen ce  o f  form aldehyde r e g a r d le s s  o f  th e  le n g th  
o f  in c u b a t io n  w ould n o t have e x h ib it e d  any s i g n i f i c a n t  in c r e a s e  in  ab­




300280240 2 6 0
X(nm)
FIG.6. DENATURING EFFECT OF FORMALDE­
HYDE WITH TIME. SYMBOLS'A ,0%
HCH0(T*5.J>HRS.) ,O ,2%  HCH0(T»5.5 
HRS.); •,0% H C H 0(T-0);D ,2%  HCHO 
(T-0).
2 . Magnesium Ion
_ | |
N a t iv e ,  d o u b le -s tr a n d e d  DNA h a s  b een  shown to  b e  u n r e a c t iv e  to  Mg
- |  I
The DNA i s o l a t e d  from  in f e c t e d  e r y th r o c y te s  in  th e  p r e s e n c e  o f  0 .0 4  M Mg 
i s  u n r e a c t iv e ,  a s  shown in  F ig u r e  7 . D en atured  DNA, h ow ev er , d o es  r e a c t
1 I
w ith  Mg to  s h i f t  i t s  UV sp ectru m  to  h ig h e r  w a v e le n g th s . F ig u r e  8 
c l e a r l y  shows th a t  th e  UV sp ectru m  o f  HFC DNA i s  in d eed  s h i f t e d  to  h ig h e r  
w a v e le n g th s . T h is  i s  in t e r p r e t e d  to  mean t h a t  th e  DNA i s  d e n a tu r a b le ,  
and t h e r e ,  d o u b le -s tr a n d e d  in  th e  n a t iv e  s t a t e .
3 . E th id ium  C h lo r id e
The p r e s e n c e  o f  seco n d a ry  s t r u c t u r e  i s  a  p r e r e q u i s i t e  f o r  th e  
b in d in g  o f  e th id iu m  c h lo r id e  to  n u c le i c  a c id .  B in d in g  in c r e a s e s  th e  
f lu o r e s c e n c e  quantum e f f i c i e n c y  o f  th e  d y e . An in c r e a s e  in  th e  amount 
o f  seco n d a ry  o r g a n iz a t io n  ( i  ._ e ., h e l i c a l  c o n te n t )  w i l l  p r o p o r t io n a te ly  
in c r e a s e  th e  amount o f  dye t h a t  w i l l  b in d . The d i f f e r e n c e  in  th e  s lo p e  
o f  p l o t s  o f  r e l a t i v e  f lu o r e s c e n c e  versuB  c o n c e n tr a t io n  o f  n a t iv e  and 
HFC DNA in d ic a t e s  l o s s  o f  seco n d a ry  o r g a n iz a t io n  a t t r ib u t a b le  to  th e  
h e a t in g  and f a s t - c o o l i n g  p r o c e d u r e . T h is  was shown to  b e  th e  c a s e ,  
a s  s e e n  in  F ig u r e  9 . The o n ly  e x p la n a t io n  f o r  th e s e  r e s u l t s  i s  th a t  
th e  i s o l a t e d  DNA was d o u b le -s tr a n d e d .
F . S e d im e n ta tio n  E q u ilib r iu m  C e n tr ifu g a t io n
C e n tr ifu g a t io n  to  e q u il ib r iu m  in  a  CsCl g r a d ie n t  p r o v id e d  a  means 
fo r  d e te r m in in g  th e  b u oyant d e n s i t y  o f  DNA and th e  h o m ogen eity  o f  p rep ­
a r a t io n s .  F ig u r e  10 shows t r a c in g s  made o f  a p r e p a r a t io n  o f  n a t iv e  DNA 
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FIG.9. EFFECT OF ETHIDIUM CHLORIDE ON 







FIG. 10. DENSITOMETER TRACINGS OF ULTRAVIOLET 
PHOTOGRAPHS OF CsCl BUOYANT DENSITY  
GRADIENTS OF NATIVE AND HFC DNA. THE 
REFERENCE BAND TO THE LEFT IS NATIVE 
DNA OF BACTERIOPHAGE S P 8 .
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p eak s corresp on d ed  to  1 .7 0 0  and 1 .7 1 0  g-cm"^. The r e fe r e n c e  peak  was 
tak en  a s  1 .7 4 2  g-cnT^ ( f o r  b a c ter io p h a g e  SP8 DNA.). The HFC DNA d isp la y e d  
h ig h e r  buoyant d e n s i t y ,  w hich  i s  c h a r a c t e r i s t i c  o f  d o u b le -s tr a n d e d  DNA.
To d em on strate  vdiich s p e c ie s  o f  DNA w as n a t iv e  to  A. m a rg in a le  th e  
exp erim en t shown in  F ig u r e  11 was perform ed. The f i r s t  t r a c in g ,  A, de­
p ic t s  DNA I s o la t e d  from u n in fe c te d  c a l f  e r y t h r o c y te s .  No p ea k  a t  1 .710  
g.cm"^ was p v id e n t . Such a peak  appeared a s  a  tr a c e  in  th e  sam ple from
th a t  c a l f  a t  a tim e when 1% o f  i t s  e r y th r o c y te s  w ere in f e c t e d .  By th e
tim e th e  same c a l f  was d is p la y in g  a 58% i n f e c t i o n  th e peak a t  1 .7 1 0  g-cm  
was q u it e  p rom inent, a s  i t  was in  the 80% i n f e c t e d  Bample. The concen­
t r a t io n  o f  t h is  DNA in c r e a s e d  co n co m ita n tly  w ith  th e  amount o f  in f e c t io n .  
The peak a t  1 .7 0 0  g*cm“3 correspon d ed  to  norm al b ov in e  DNA, w h ile  the  
1 .7 1 5  g*cm“3 peak was p ro b a b ly  a t t r ib u ta b le  to  n u c le a r  s a t e l l i t e  DNA 
o f t e n  ob served  in  DNA p r e p a r a t io n s .
G. E le c tr o n  M icroscopy
P latinum -shadow ed  p r e p a r a t io n s  were sca n n ed  fo r  th e  p r e se n c e  o f  
DNA m o le c u le s .  F ig u r e  12 i s  an electron m ifcrograp h  . o f  DNA i s o l a t e d  from  
th e  e r y th r o c y te s  o f  a c a l f  in f e c t e d  w ith  A. m a r g in a le . I t  ap p ears to  
h ave had a c i r c u la r  co n fo rm a tio n  which had b e e n  broken . U n fo r tu n a te ly ,
t h i s  e lec tro n m icr o g ra p h  was made b e fo re  i t  w as known th a t  th e  p rep ara­
t io n s  c o n ta in e d  two s p e c ie s  o f  DNA. One can  o n ly  s p e c u la te  a s  to  w hether  
t h i s  i s  an e le c t r o n  m icrograph  o f  bovine o r  A . m arg in a le  DNA. However, 
s in c e  b o v in e  DNA h a s  n o t  been  shown to  be c i r c u l a r ,  i t  i s  h ig h ly  su g g es­
t i v e  th a t  th e DNA from A. m a rg in a le  may in d e e d  b e  c ir c u la r .
A -
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.11. PHOTOMULTIPLIER SCANNER TRACINGS AT 2 5 4 n m  
OF DNA FROM LYSATES OF ERYTHROCYTES. A . 
NORMAL; B , l %  INFECTED; C ,5 S %  INFECTED; D , 
8 0 %  INFECTED. THE REFERENCE BAND TO THE 
RIGHT IS NATIVE DNA OF BACTERIOPHAGE SP&
F igure 12 . E lcctron m icrograph  o f  DNA i s o la t e d  from  
A. m a r g in a le  in f e c t e d  e r y th r o c y te s .
SUMMARY AMD CONCLUSION
T h is p r o j e c t  was u n dertak en  to  c h a r a c te r iz e  th e  DNA o f  Anaplasma 
m a rg in a le  by p h y s ic a l  and ch em ica l m eans.
The m ethods o f  Marmur (1961 ) and Thomas a t  a l .  (1 9 6 6 ) fo r  e x t r a c ­
in g  DNA, and th e  com b in ation  o f  b o th  te c h n iq u e s  proved s u c c e s s f u l .
H y d r o ly s is  in  88% fo rm ic  a c id  a t  175°C fo r  30 m in u tes  was deemed 
s u i t a b le  fo r  l ib e r a t io n  o f  a l l  b a s e s .  C hrom atographic se p a r a t io n  on 
Whatman No. 1 f i l t e r  paper was a cco m p lish ed  u s in g  H C l^ -p r o p a n o l-^ O  a s  
th e  s o lv e n t .  A f t e r  runn ing fo r  about 20 h ou rs (o r  a b ou t 40  cm.) th e  
chromatograms w ere d r ie d , th e  b a s e s  e lu t e d ,  and q u a n t ita te d . The m ole  
p e r c e n t  G, C, A, and T. were 3 4 .5 0 ,  2 0 ,1 8 ,  3 3 .7 8 ,  and 1 1 .7 4 , r e s p e c t i v e ly ,  
w ith  m olar r a t io s  o f  A/T = 2 .9  and G/C = 1 .8 .  These d a ta  in d ic a te d  
s in g le - s t r a n d e d  DNA.
A la r g e r  e x c e s s  o f  p u r in e s  to  p y r im id in e s  was found by th e  chroma­
to g r a p h ic  m ethod. D eg ra d a tio n  o f  th e  n u c le i c  a c id  by n u c le a s e s  can n ot  
b e r u le d  ou t w h i le  em ploying Marmur’ s m ethod (1961) o f  e x tr a c tio n .. The 
e r y th r o c y te  m ust have a t ta in e d  th e m ature e n u c le a te  s t a t e  through th e  
a c t io n  o f  n u c le a s e s .  T h e r e fo r e , one can  p o s t u la t e  th e  p r e f e r e n t ia l  l o s s  
o f  p y r im id in e -r ic h  segm ents o f  th e  DNA m o le c u le  due to  n u c le a s e  a c t i v i t y .
- I  I
R ea ctio n  w ith  form ald eh yd e, Mg and eth id iu m  c h lo r id e  were u n - 
m is ta k e a b ly  c h a r a c t e r i s t i c  o f  d o u b le -s tr a n d e d  DNA. F u rth er  con firm a-  
o f  th a t  c o n c lu s io n  was o b ta in e d  by th e  m e lt in g  cu rves produced by 
h e a t in g  in  1 x  SSC. The T^ o f  A, m a rg in a le  DNA was determ ined  as 92°C , 
w ith  a c a lc u la t e d  m ole %GC eq u a l to  51 .
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S ed im en ta tio n  e q u ilib r iu m  c e n t r i f u g a t io n  in  CsCl r e v e a le d  th e  
buoyant d e n s ity  o f  A. m a rg in a le  DNA a s eq u a l to  1 .7 1 0  g*cm“^ , th e  d e n s it y  
in c r e a s in g  to  1 .7 2 5  g*cm"^ upon therm al d e n a tu r a t io n .
E le c tr o n  m icroscop y  o f  i s o la t e d  DNA r e v e a le d  th e  p r e se n c e  o f  c i r ­
c u la r  m o le c u le s  in  th e  p r e p a r a t io n s  from in f e c t e d  e r y th r o c y te s .  I t  was 
su b seq u en tly  shown th a t  e x p er im en ta l p r e p a r a t io n s  c o n ta in e d  two s p e c ie s  
o f  DNA. One s p e c ie s  was d em onstrated  to  b e p r e s e n t  o n ly  in  in f e c t e d  
e r y th r o c y te s .  The o th e r  was th ou ght to  b e DNA from le u c o c y te s  and r e t i ­
c u lo c y te s  which w ere p r e s e n t .  No d e f i n i t e  c o n c lu s io n s  a s  to  th e  o r ig in  
o f  th e  DNA seen  in  F igu re  12 can  be made a t  t h i s  tim e.
In  c o n c lu s io n , th e  DNA from  Anaplasma m a rg in a le  h a s  b een  shown 
to  be a d o u b le -s tra n d e d  m o le c u le  w ith  a buoyant d e n s it y  eq u a l to  1 .7 1 0  
g*cm-  ^ and a o f  92°C .
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